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Abstract: Today our manufacturing industry has become more far more advanced
compared to decades before. The development and wide application of Computer-
Aided Design and Manufacturing (CAD-CAM) software have led to the use of
Computer Numerical Controlled (CNC) machines in the manufacturing industry. This
software, which includes tool paths, will generate key machining parameters. This
study describes the form of tool paths typically used to manufacture a product and
how the 3-axis CNC vertical milling machine is used to refine the tool paths. The
objective of this study is to simulate the machining time of pocket milling by using a
conventional method by using the software CAD/CAM. Second is to investigate the
axial and radial depth on machining time. This study can be done by using CAM
software which is MasterCAM. The tool paths can be optimized using MasterCAM
software through simulations. This program allowed the tool paths to be simulated,
and results were obtained in machining time. To achieve the optimal machining time
to be used in the actual machining process, parameters such as tool diameter, federate,
spindle speed, and cut depth were evaluated. Testing shows that in terms of shortest
machining time, there were three styles of machining strategies that were high speed,
parallel spiral and Zig-Zag that were more beneficial than any other commodity
machining strategies. Based on this study, the tool diameter will achieve the shortest
simulation time by using the maximum tool diameter. By referring to the result of this
study, three proven results produce the shorter time which is Zig-Zag, High-Speed or
Parallel Spiral which is the time for Zig-Zag was 10 hours and 20 minutes and the
other two was the closest time with the Zig-Zag. Same goes to cut depth that produced
the shortest machining time by the highest cut depth value used by referring to the
result of this study, where it can be seen that the difference of 1.5mm could influence
the time by 10 seconds above approximately. Lastly, it can be concluded that the
machining method and cutting depth are essential factors to achieve a shorter
machining time.
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1. Introduction

The milling operation is a process of cutting metal using one or more tecth of a rotating cutter.
Determination of optimum cutting parameters such as cutting depth, cutting speed and feed for assigned
cutting tools, It is one of the vital modules in metal parts process planning, since machining operations
have an important role to play in increasing productivity and competitiveness[1]. NC machines can
significantly reduce lead times, the machining time is nearly the same as when machining parameters
are selected from machining databases or handbooks. Since of the NC machines ' high capital and
machining costs compared to conventional machines, there is an economic need to operate NC
machines as efficiently as possible to obtain the required pay-back. Since machining costs on NC
machines are sensitive to the parameters of machining, optimal values must be determined before a part
is produce [2].

Pocket milling is a popular machining operation used for forming a depression in a workpiece. A
commonly used NC tool path pattern for hogging away the material inside a pocket is in the form of
several horizontal layers of contour lines which are formed by repeatedly offsetting the pocket boundary
inwards with a stepover. Offset contours usually comprise of concave and convex corners formed by
the intersection of different types of geometric entities such as line and arc [3]. If the area within the
limit of a pocket is at all large compared to the end cross section. mills that are suitable for cutting it, it
is common Practice making a rough cut to eliminate the bulk of the material making a slightly smaller
pocket, leaving a thin (0.0254 cm or 0.01 inch is typical) layer of material that is then removed by Final
finishing mill [4].

The basic method by which the three-dimensional design model is carried out by Solidworks,
assembly and then converting the graphics data to the MasterCAM software for the NC programming
method for contour parts uses the layer, this method can integrate the design into the manufacturing
technology in order to improve the efficiency of production and apply it to a broad engineering and
technical base[5]. The Solidworks software has more powerful entity parameterized modelling,
intelligent driving function, easy to use, has some advantages in product design and parts design. The

MasterCAM is the software that been use widely at the manufacturing industry, this software could
reduce the cost for company in term of material and work piece without being wasted the workpiece for
the purpose of research. MasterCAM is the software that have an integrated CAD/CAM system which
creates geometry, prepares important points and completed drawings, visualizes the image tool path
and generates the NC programmer. MasterCAM lets in the person to trade the processing parameters or
tool at any time throughout the process, to alter the tool path, and later to visualize the machining
again(Prajapati et al., 2013). Before making use of the programmed directly on a machine tool, it is
viable for a programmer to test the impact of his or her work on the screen. In addition to creating
geometry, the programmer person can analyse it, manage the tool path, and see on the display the
machining effect. In other words, the actual appearance of the worked-on element inclusive of the tool
tracks shaped in the machining process [7].

2. Methodology

In this study, a three-dimensional model of has been develop using Solidwork software as shown
in Figure 1. The detail dimension and the type of process involve in the model has been shown in Figure
2. The design is based from sugar cane crusher that was inspired from the research of tool selection for
rough and finish CNC milling operations based on tool path generation and machining optimisation [8].
The design has been saved as STEP format in Solidworks software and then has been export to the
MasterCAM software for simulation process and generating the tool path.
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Figure 2: Detail dimension of three dimensional of model

2.1 Tool path generation in Mastercam

To generate the tool path for each machining process in sugar cane crusher model, a
conventional method which is Mastercam software has been employed. Figure 3 described the process
of generating and simulation of tool path in CAD/CAM software. Once the model has been constructed
in CAD software, it will be exported to the CAM software based on specific format file. In the CAM
software, the type of machining and parameters of machining has been defined. Then, the tool path of
each process of machining can be generated. The results of the machining process such as tool path
length and machining time can be explored by using backplot part.

2.2 Selection of cutting parameters

The selection of cutting parameters have been made by used the data from the published journal
[9]. The parameters involved in this simulation is cutting speed, spindle speed, and stepdown. The
cutting tools diameter are based on the size of the workpiece that will be used to remove which is for
Sugar Cane Body operation, the tool diameters are 16mm. The tool diameter for Drill/Counterbore 1,2,
and 3 is 25mm,20mm,30mm. Lastly, for the Pocket operation, the tool diameter for pocket 1 and 2 is
16mm and for pocket 3 is 10mm. The tool diameter for pocket 3 operation is smallest because it required
to do machining at the tight space between the Drill/Counterbore 1 and 2. Mastercam software generates
the machining time in term of hours. In order to convert a data into the graph too, the time was changed
in terms of second Table 41 indicates the cutting parameter that will be obtained from the journal and
used in this analysis [9].
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Figure 3: Overall process using MasterCAM software

Table 1: Parameters for machining [9]

Cutting Spindle Cutting Step
Speed Feed Down(mm)
Operation

Sugar Cane Body 5000 950 2.0
Drill Counterbore 1 5000 950 2.5
Drill Counterbore 2 5000 950 2.5
Drill Counterbore 3 5000 950 2.5
"Pocket 1 5000 950 2.5

"Pocket 2 5000 950 2.5

"Pocket 3 9000 1800 1.0

3. Results and Discussion
3.1 Results

The parameter of this study was taken from the study Intelligent tools selection for roughing and
finishing in machining [9]. The parameter was chosen from his study because based on his research. It
mainly focuses on the condition on a workpiece, which means a consideration about tool wear, surface
roughness and force on a workpiece. Based on Figure 4, the result below shows all the total time of
each type of operation where the parameters of each operation based on Escamillar Salazar research.
The parameters involved in this study are spindle speed, cutting rate and step down in order to produce
the machining time.

135



Research Progress in Mechanical and Manufacturing Engineering Vol. 1 No. 1 (2020) p. 132 — 138

Relation between Time Machining
and Different type of Tool Path Time Machining (Second,s)

True Spiral
One Way
High Speed

Morph Spiral

Tool Path

Parallel Spiral,Clean Corner
Parallel Spiral

Contstant Overlap Spiral
Zig-Zag

50000 100000 150000 200000 250000 300000
Time Machining (Second,s)

Figure 4: Graph of comparison result
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Table 2: The relation between time machining and different type of tool path

Method of machining Time Machining (s)
Zig-Zag 38214.94
Constant Overlap Spiral 41860.69
Parallel Spiral 39542.41
Parallel Spiral, Clean Corner 43662.16
Morph Spiral 255853.32
High Speed 38687.28
One Way 59749.75
True Spiral 185628.78

By referring to the graph and all the data obtained, the most suitable tool path for the sugar crane
crasher design is Zig-Zag because it shows the shortest simulation time which is 10 hours 20 minutes
compared to the other tool path. The second suggestion tool path can be used either High Speed or
parallel spiral were both of this tool path have the nearest value. The longest simulation time is morph
spiral where it takes 71 hours. A most extended hour of machining is not recommended because it will
increase the cost of production.

3.2 Effect of depth of cut

The cutting rate and feed rate are combined with the cutting depth to determine the material
removal rate, which is the volume of material in the workpiece that can be removed per unit time. Axial
and radial depth of machining are dominant factor which is required proper entrance where the axial is
the distance a tool enters the centreline of a workpiece and radial is the distance a tool enters a
workpiece. Based on MasterCAM, the depth is the distance to finish from the surface to end of removing
material. The step down is the value to determine the optimum cutting rate for a depth of cut to remove
the material efficiently.
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Table 3: Step down measure

Step Down(mm) Step Down(mm) Time Time
. Machining Machining
Operation Journal MasterCAM Journal MasterCAM
Parameter parameter Parameter Parameter
Drill/Counterbore 25 1.0 11.48 30.65
(25mm)
Drill/Counterbore 25 1.0 11.98 25.8
(20mm)
Drill/Counterbore 25 2.0 1990.57 2247.6
(30mm)

By referring to the Table 3, the difference of time take to machining does not take a much
difference. Which is even the difference parameter value of step down being 1.5, the difference of time
taken for machining only for about 20 seconds. Even the Journal Parameter have higher feed rate than
MasterCAM parameter, the increment of one second could make the time MasterCAM parameter closer
about nine or six-second difference. The closes example can be found Drill/Counterbore(30mm) where
the value of time machining does not have much different even to the Journal parameter have a higher
feed rate compare to MasterCAM parameter.

4. Conclusion

Producing a product using a CNC machine is quite complicated, especially for a complex product.
However, the use of CAD / CAM software simplifies the machining process. First, the exact dimensions
of the design should be created to facilitate the simulation of the parameters. In process simulation of
selected tool paths must be carried out considering machining time and suitability of the workpiece.
Research on CNC machining operations in relation to tool paths in CAM software is a practical way to
achieve the goal faster, reduce costs and be more efficient in machining. Incorrect selection of the tool
will result in a longer production time cost than finished. The machining method and cutting depth are
important factor to achieve a shorter machining time. In this research, among the efficient machining
method are Zig-Zag, High Speed and Parallel Spiral. For cutting depth, the shortest machining time can
be achieved at the depth of 2.5mm with the suitable cutting speed and tool paths. The suitable cutting
speed with the suitable measured value could make the machining efficiently done because its also can
extend the longevity of cutting tool to be used frequently in future.
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